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PIiEFACE 
This report ,  wri t ten by a member of t he  Remote Sensing Evaluation 
and Coordination S taf f  (RESECS) of  t h e  U. S. Geological Survey i s  
designed t o  a s s i s t  a l l  poten t ia l  users of the mosaic described herein. 
‘linder t he  NASA Earth Resources Survey Pro;ram the mosaic provides a 
base f o r  mapping s o i l s  and other s u r f i c i a l  deposits as  wel l  as 
s t ruc tu ra l  features as par t  of  the Ground Truth Investigations Task 
(lb-75-01-44-10) of t h e  Geologic Applications Program. It w i l l  a l so  
be used as a base f o r  analyzing Land use from space photography (Task 
No. 160-75-01-32-10) under the  Geographic Applications Program. 
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A ser ies  of 39 overlapping photographs of the  southwestern 
United States  and adjacent areas of Mexico was obtained as par t  of an 
experiment of the Gemini N mission. Twenty-four of these pictures 
plus one from the Gemini I11 and four from the Gemini V mission were 
used t o  construct a 1:1,000,000-scale, black and white, semi-controlled 
mosaic. This mosaic covers about l50,OOO square miles and extends 
along the 32d pa ra l l e l  of north la t i tude  from the Pacific Ocean t o  the 
100th meridian i n  west-central Texas, and averages about 150 miles i n  
width. 
. t o  a scale  of l:25O,OOO with l i t t l e  o r  no l o s s  of  resolution; such 
Many of the  individual r ec t i f i ed  photographs can be enlarged 
enlargements will be of  great value t o  earth resources studies.  If 
the  ar.Lle of tilt i s  more than 35 degrees, some d e t a i l  i n  the back- 
ground of tne photograph i s  l o s t .  The U. s. Geological Survey i s  
current ly  conducting several small research projects i n  which t h i s  
1:1,000,000-scale mosaic and the  individual photographs a r e  the  prime 
research tools. 
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A f t e r  com2letion o f  t h e  1: 1,000,000-scale Peruvian riosaic from 
c 
Gemini I X  space photographs (MacKallor, 1967, 1968), t h e  Geological  
Survey decided t o  make ano the r  1: 1,000,000-scale, b l ack  and wh i t e ,  
semi-control led mosaic from space photographs. 
t h e  southwestern United S t a t e s  and a d j a c e n t  p a r t s  of Mexico. Th i s  
The a r e a  s e l e c t e d  was 
a r e a  i s  of cons ide rab le  economic and s c i e n t i f i c  i n t e r e s t  t o  b o t h  
n a t i o n s ,  i s  r e a d i l y  a c c e s s i b l e ,  and a l a r g e  number of e x c e l l e n t  
photographs from s e v e r a l  space missions were a v a i l a b l e .  This  mosaic 
was made i n  cooperat ion wi th  D r .  Paul D. Lowman, p r i f i c ipa l  i n v e s t i g a t o r  
f o r  t h e  Gemini photographic experiment, t h e  Nat ional  Aeronaut ics  and 
Space Adminis t ra t ion,  and t h e  Raytheon Company. 
As shown by f i g u r e  1, 24 photographs used i n  c o n s t r u c t i n g  t h i s  
mosaic were taken on t h e  Gemini I V  mission. On t h e  Gemini I V  mission 
t h e  h i g h e s t  photographic  p r i o r i t y  was given t o  t h e  southwestern 
United S t a t e s ,  where t h i r t y - n i n e  overlapping n e a r l y  v e r t i c a l  photographs 
were taken o f  a r e a s  from t h e  P a c i f i c  Ocean t o  c e n t r a l  Texas. McDivitt  
' o r i e n t e d  t h e  s p a c e c r a f t  while White took p i c t u r e s  a t  approximately 
5-second i n t e r v a l s  (Lowman and o t h e r s ,  1967, p. 1-2). 
o n l y  time during t h e  f l i g h t  of Gemini I V  t h a t  f u e l  and power were 
T h i s  was t h e  . \: 
a l l o c a t e d  t o  maneuver t h e  s p a c e c r a f t  f o r  a photographic experiment. 
One photograph from Gemini I11 and f i v e  from two o r b i t s  of 
Gemini V were a l s o  s e l e c t e d  f o r  r e c t i f i c a t i o n ;  b u t  photograph V-1-13 ,  
which p re sen ted  a c l e a r  b u t  ob l ique  view o f  t h e  S a l t o n  Sea,  could n o t  
b e  i-~:.L;fied s a t i s f a c t o r i l y .  Most o f  t h e  photographs were t 8 ; i ~ ~ a  from 
2 
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a h e i g h t  of j u s t  ove r  100 s t a t u t e  iniles (87 n a u t i c a l  mi; 
photographs were taken with a hand-held 3 a s s e l b l a d  500-C camera w i t h  
: e  A l l  
a Zsiss p l a n a r  f2.8 l e n s ,  80 m f o c a l  length.  
used. 
t h e  o t h e r  photographs were t aken  on Ektachrome MS (SO-217) f i lm.  
A haze f i l t e r  was 
Photograph V-4-69 was taken on Anscochrome D-50 f i l m ,  b u t  a l l  
A l l  photographs used i n  p repa r ing  t h e  mosaic have been pub l i shed  
i n  c o l o r  by t h e  Nat ional  Aeronautics and Space Adminis t ra t ion (1967), 
and h igh  q u a l i t y  c o l o r  r ep roduc t ions  o f  s e v e r a l  o f  t h e  photographs 
a r e  desc r ibed  by Loman (1966). 
The a r e a  covered by t h e  mosaic averages about  150 m i l e s  i n  width 
a long  l a t i t u d e  3 2 O  N., and extends from t h e  P a c i f i c  Ocean eastward t o  
l o n g i t u d e  looo W. ( f i g u r e  l).y The photographs a l l  were taken du r ing  
t h e  middle p a r t  of t h e  day bilt n o t  du r ing  t h e  same month ( t a b l e  1). 
The a n g l e  o f  tilt ranged from 6 t o  52 degrees  from t h e  v e r t i c a 1 , a n d  
t h e  photographs were taken from 86 t o  112 n a u t i c a l  miles above sea  
l e v e l o  
The S a l t o n  Sea i s  cloud-covered and i s  n o t  v i s i b l e  on photograph 
111-1-5. 
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3 
.. . . . . . .-_ 
i 
f 
I 
b 
* x  
I I  I I 
W k U Z  
.< ~ . . , . .  
d 
TASiE 1 
Approxinate  time, e l e v a t i o n ,  and tilt of  G e m i n i  photograFhy 
111-1-5 March 23, 1965 1727 I 88 
i 
I v-8-1 [June 5, 1965 1741 1 88 
IV-8-2 1 Ditto 1741 ! 90 
I V-8-3 ir 1741 87 
I 
I 
i t  
49 O 
140 
150 
200 
1741 I V-8-4 
IV-8-5 1742 
I V-8-6 i r  1742 
I V-8-7 11 1742 
11 
86 21 O 
88 1 15' 
88 20 O 
90 240 
I V-8-8 
IV-8-10 
I Iv-8-11 
, IV-8-13 
IV-8-14 
I V-8-15 
I V-8-17 
.-.: IV-8-19 
I V-8-21 
IV-8-25 
I V-8-27 
0 
I V-8-29 
I V-8-31  
0 I v-8-33 
- 1- 
ir  1742 I 86 320 
i r  1742 86 I 27O 
11 1742 89 1 30° 
ir  1743 88 i 310 
1743 89 ?bo 
1743 90 
1743 90 370 
. i t  1743 a8 430 
1743 89 T J  ' 50° 1744 83 
1744 91 50 O 
1 
i r  
I 350 i r  
I1 
i t  A 9 0  1 
I 1  
tr 
I1 1744 82 52' 
1 430 1745 99 
1745 97 
ir  
i 360 I 1  
I 
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Photo Nunbe d 
IV-8-35 
I V-8- 37 
IV-8-39 
- l A 3 L E  1 (corit.) 
Approximate time, e l e v a t i o n ,  and t ilt  of k n i n i  photography 
Date  and CMT T i m a  
June  5, 1965 1745 
D i t t o  1745 
1745 4 1  
V-1-16 
V-1-17 
I 
D i t t o  1701 
1701 t I  
V-4-69 Aug. 26, 1965 1614 
3 8 4/ 5levati.cn above Sea 
Level i n  Nau t i ca l  Miies 
92 
88 
90 
93 
91 
94 
112 
_I_ 
ii 1 t'- 1/ 
- 
400 
38 O 
370 
2-70 
9 O  
6 O  
15' 
0 
See Figure 1. 
Time of photography obtained from Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion  (1967) .  
t ime, s u b t r a c t  6 hours  f o r  C e n t r a l ,  7 hours  f o r  Mountain, and 
8 hours  f o r  P a c i f i c  Standard Time. 
One n a u t i i a l  o r  a i r  mile equals  6380.2 f e e t .  
Determined from computer ope ra t ions  f o r  v e r t i c a l  r e c t i f i c a t i o n  
o f  photographs . 
To conve r t  Greenwich Mean Time t o  l o c a l  
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P?.EPA!WTION OF MOSAIC 
R e c t i f i c a t i o n  and n o s a i c i n g  were done under t h e  d i r e c t i o n  of 
D r .  G r d o n  Gracie o f  t h e  Autometric Operat ion o f  t h e  Raytheon Company. 
Tine same techniques were used i n  preparing t h i s  x o s a i c  a s  f o r  t h e  
Peruvian mosaic (MacKallor, 1967, 1968) . Geographic coord ina te s  of 
c o n t r o l  p o i n t s  on t'ne Peruvian photographs were ob ta ined  from 
1:1,000,000-scale World Aeronaut ical  Char t s  (Lambert Conformal? Conic 
P r o j e c t i o n )  and t h e s e  c h a r t s  were used a s  a base  f o r  p repa r ing  t n e  
1:1,000,000-scale photomosaic. For determining t h e  c o o r d i n a t e s  o f  
102 c o n t r o l  p o i n t s  on photographs used i n  t h e  mosaic of  t h e  .. . 
southwzstern United S t a t e s ,  Gracie  ( o r a l  communication) found t h a t  
1:250,000-scale, two-degree topographic maps were s u p e r i o r  t o  l a r g e r  
I .  
s c a l e  topographic  maps and t o  t h e  1:1,000,000-scale World Aeronau t i ca l  
Char t s  . 
The cons ide rab le  t o n a l  c o n t r a s t  among t h e  many p r i n t s  somewhat 
marred t h e  o v e r a l l  appearance o f  t h e  o r i g i n a l  mosaic of t h e  Southwest, 
b u t  by rematching p r i n t s ,  dodging, and masking, t h e  Geological Survey 
g r e a t l y  reduced t h e  t o n a l  c o n t r a s t s  between p r i n t s .  Twenty-nine 
Gemini photographs were used f o r  t h e  150,000 squa re  a i l e s  covered by 
t h e  mosaic o f  t h e  Southwest whereas on ly  twelve photographs were used 
f o r  t h e  250,000 squa re  miles of  the  Peruvian mosaic. 
> .- 
Such a l a r g e  
number o f  photographs were usL\ .  -i-,s southwestern mosaic i n  o r d e r  
t o  u s e  t h e  b e s t  photograph a v a i l a b l e  f o r  each a r e a  and t o  o b t a i n  
maximum coverage wi th  t h e  mosaic, The ind iv iduz ' l  r e c t i f i e d  photo- 
g r a p h i c  p r i n t s  a r e  e x c e l l e n t ,  and many have bean enlarged t o  a s c a l e  
o f  1:250,000 wi th  l i t t l e  o r  no loss of d e t a i l .  
7 
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EFFECTS OF ALTIiUDE AND TILT 
By conparing f i g u r e  1 and t a b l e  1, one can g e t  an idea  of  t h e  
e f f e c t s  of a l t i t u d e  and tilt upon the a r e a  covered. Photographs 
V-1-15 and V-4-69 each cover 8,090 t o  10,030 squa re  rniies and can be 
s z t i s f a c t o r i l y  enlarged t o  a s c a l e  of 1:250,030. The former was 
taken a t  an a l t i t u d e  of 93 n a u t i c a l  miles wi th  27 degrees  a f  tilt 
f r o n  t h e  v e r t i c a l ;  t h e  l a t t e r  a t  112 m i l e s  wi th  15 degrees  of tilt. 
Photographs V-1-16 and V-1-17, taken a t  t h e  same o r  lower a l t i t u d e s  
and with l e s s  tilt each cover only about  5,600 squa re  miles.  Using 
t h e  same photographic  system a s  used i n  o b t a i n i n g  t h e  Gemini photo- 
graphs,  t h e  most u s e f u l  photographs f o r  r e g i o n a l  s t u d i e s  of e a r t h  
r e s o u r c e s  w i l l  b e  obtained from a l t i t u d e s  o f  n o t  l e s s  t han  100 
n a u t i c a l  miles, even i f  t h e  tilt is a s  much a s  25 o r  30 degrees  from 
t h e  v e r t i c a l ,  and from no t  more than 125 t o  150 n a u t i c a l  mi l e s ,  e v m  
i f  t h e  tilt i s  on ly  a few degrees.  
n a u t i c a l  miles a tilt of  35 degrees (Photograph IV-8-15) i s  a c c e p t a b l e ,  
A t  an a l t i t u d e  of abou t  103 
b u t  photographs taken with more tilt l o s e  soae d e t a i l  i n  t h e  
background. 
CONTI NU I NG I N E  STI GAT10 N S 
The mosaic of  t h e  southwestern United S t a t e s  and adjace.:t p a r t s  < *  
of  Mexico w i l l  b e  o f  cons ide rab le  va lue  t o  t h e  s c i e n t i f i c  cormuniky, 
and p re l imina ry  work by t h e  U.S, Geological  Survey i n d i c a t e s  t h a t  
L .- L,.O r e c t i f i e d  p r i n t s  o f  i n d i v i d u a l  space photographs a t  a s c a l e  of 
1:250,000 may b e  of even more valueo 
i n v e s t i g a t i n g  methods of deci:. ‘.:;<zing the d i s t r a c t i n g  match l i n e s  
The Geological  Suzvey i s  
8 
0 on the  mosaic and i s  seeking en  econoiical aethcd of re;?ro&aclng nlgb 
ci-cality copies of the mosaic and of tne r e c t i f i e d  pr in ts  a t  various 
scale. 2oger Morrison and Warren Hamilton, V.S. Geological Survey, a r e  
using color pr in ts ,  the 1:1,000,000 mosa.ic, and enlarged l:25O,OOO- 
scale pr in ts  t o  study, respectively, s o i l s  anci tectonics on EL r e g i o m l  
b. 
basis.  nTormm J.W.  Thrower, supported by a USA contract, i s  preparing 
a 1:1,000,000-scale geographic photomap for  tne Geogra2hic Applications 
Program of the  U.S. Geological Survey. 
The f i rs t  earth resowces observation s a t e l l i t e  as envisioned by 
the  Geological Survey will f'urnish imagery comparable t o  the  
1:1,000,000-scale mosaics pre2ared from Gemini photogzaphs. 
nomic analysis by the Westinghouse Defense and Space Center (1967, p. v) 
An eco- 
indicated t h a t  an i n i t i a l  s a t e l l i t e  with repe t i t ive  3-week coverage 
w i l l  have a $70 million gross benezit per year t o  the  Department of 
, the  Inter ior ,  and a sampling of cer ta in  in te res t s  (mining, petroleum, 
and pr ivate  i r r iga t ion  d i s t r i c t s  ) closely associated w i t h  the 
Department's a c t i v i t i e s  indicated an annual v a l ~ ~ :  of more than $400 
million t o  those sectors of the  private econony. The report f'urtner 
ident i f ies  more than 70 specif ic  applications (p. B2-4) of s a t e l l i t e  
1 : data. 
The Xational Aeronautics and Space Adninistration has distribLted 
color  p r in t s  of Gemini photographs, and the Geological Survey has 
drs t r ibuted pr in ts  of the Peruvian mosaic and of the r ec t i f i ed  pr ints .  
?.:e Geological Survey recently released the  mosaic of t he  south- 
western United States. In  order t o  more f'ully evaluate the 
9 
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u s e I u l n e s s  of imagery o b t a i n e d  from s & t e l l i t e s ,  :?.e s t a f f  of t h e  E29S 
2rogram of  t h e  U.S. Geologica l  Survey would l i k e  t o  b e  infoi-inecl o f  
e x p e r i r x n t s  and a p p l i c a t i o n s  o f  t h e  niosaics and r e c t i f i e d  p r i n t s  of  
Geinini photography. Both posi t ive and n e g a t i v e  r e s u l t s  a r e  s o l i c i t e d .  
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